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(54) Resonance circuit tag, method for production thereof and method for changing resonance 
characteristics thereof 



(57) A resonance circuit tag comprising an insulat- 
ing substrate and a resonance circuit formed on the 
substrate, which circuit having at least a capacitor and 
an inductor, wherein a dielectric of the capacitor satis- 
fies at least one of the following requirements: 

(a) being foamable by heating and 

(b) being capable of changing its thickness by not 
less than 10% by heating. 

The resonance circuit tag of the present invention offers 
various advantages in that it can easily cease function- 
ing, does not inhibit labor-saving, speedy operation at 
the cash register, facilitates large-scale production and 
that it eliminates degradation of the function of the arti- 
cle to which the tag has been attached. 
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Description 

FIELD OF THE INVENTION 

s The present invention relates to a resonance circuit tag used for preventing shoplifting. More particularly, the 
present invention relates to a resonance circuit tag which can be manufactured easily, can be produced in large num- 
bers and which is highly reliable in that it ensures easy termination of the function of the resonance circuit without 
impairing the function of articles to which the resonance circuit tag has been attached, production thereof and a method 
for changing the resonance characteristic thereof. 

10 

BACKGROUND OF THE INVENTION 

A resonance circuit tag having a circuit which resonances with a certain wave frequency has been used for prevent- 
ing shoplifting in libraries and diverse kinds of stores such as those selling books, CDs, video tapes and the like, super- 

15 markets and department stores. Various attempts have been made to provide an economical, compact and high quality 
resonance tag, as reported in Japanese Utility Model Unexamined Publication Nos. 54038/1973 and 75585/1973, and 
Japanese Patent Unexamined Publication Nos. 23395/1989, 130490/1987 and 200297/1988. 

A resonance circuit tag is required to not function after the price of an article has been paid at a check-out counter, 
and for this end, the tag is usually removed from the article at the check-out counter. However, a recent demand for a 

20 labor-saving, speedy operation of cash register as achieved by the introduction of bar cords, etc. cannot be fully met 
due to the troublesome step of removing a resonance circuit tag attached to the article. 

To overcome such disadvantage, a so-called self-breakdown type resonance circuit tag has been proposed which 
loses resonance function by the application of heat and other methods. Specific examples thereof include a resonance 
circuit tag wherein a soluble link is formed in its circuit, which melts upon application of energy having a self-breakdown 

25 frequency, thereby breaking the circuit (US Patent No. 3,913,219) and a resonance circuit tag prepared from an electri- 
cally insulating sheet composed of a thermoplastic resin, etc. wherein high frequency current is generated by applying 
a strong high frequency wave having a resonance frequency, with which said insulating sheet is deformed or melted to 
cause defective insulation for the functional termination of the resonance circuit (Japanese Patent Unexamined Publi- 
cation No. 266700/1987). 

so According to the self-breakdown tag of the type mentioned above, its resonance function can be terminated by, for 
example, passing the tag on an article through a high frequency inductor, and the aforementioned labor-saving, speedy 
operation of cash register is not impaired. 

Of the above-exemplified resonance circuit tags, the former is associated with a problem in that a large-scale pro- 
duction is difficult to achieve by a conventional circuit-forming technique such as etching, since part of the circuit needs 

35 to be formed narrower. 

On the other hand, the latter resonance circuit tag has a risk of adversely affecting the function of an article to which 
the tag has been attached, since a considerably strong high frequency wave having a resonance frequency should be 
applied to the resonance circuit to deform or melt the insulating sheet composed of a thermoplastic resin, etc. It may 
also suffer from insufficient self -breakdown function due to a less deformation of the insulating sheet 

40 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a resonance circuit tag which can be manufactured eas- 
ily, can be produced in large numbers and which ensures easy termination of the function of the resonance circuit with 
45 less occurrence of impairment of the function of the article to which the resonance circuit tag has been attached. 

Another object of the present invention is to provide a production method useful for manufacturing the above-men- 
tioned resonance circuit tag. 

A still another object of the present invention is to provide a new resonance circuit tag manufactured by the above- 
mentioned production method. 

so A further object of the present invention is to provide a method for ensuring easy change of resonance character- 
istic of a resonance circuit tag without impairing the function of an article having the resonance circuit tag. 

The resonance circuit tag of the present invention has at least a resonance circuit including a capacitor and an 
inductor formed on an insulating substrate, wherein a dielectric of the capacitor meets at least one of the following 
requirements: 

55 

(a) being foamable by heating 

(b) being capable of changing its thickness by not less than 10% by heating. 
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The method for producing the resonance circuit tag of the present invention comprises laminating either a primary 
circuit having at least an inductor and a first capacitor electrode or a secondary circuit having a second capacitor elec- 
trode on an insulating support, and laminating the remaining circuit on the obtained laminate via an adhesive layer. 

In another embodiment of the resonance circuit tag of the present invention, the tag comprises a primary circuit 
5 having at least an inductor and a first capacitor electrode and a secondary circuit having at least a second capacitor 
electrode laminated via a dielectric layer, wherein either the first or the second circuit is laminated on an insulating sup- 
port, and the remaining circuit is laminated on the resulting laminate via an adhesive layer. This adhesive layer may 
meet the requirements mentioned above. 

The method for changing the resonance characteristic of the resonance circuit tag of the present invention com- 
10 prises heating the resonance circuit tag by induction heating or other method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic plane view showing one embodiment of the resonance circuit tag of the present invention. 
15 Fig. 2 is a bottom view of the resonance circuit tag shown in Fig. 1 . 

Fig. 3 is a sectional view along the line A-A of the resonance circuit tag shown in Fig. 1 . 
Rg. 4 shows one embodiment of a resonance circuit tag. 

Rg. 5 is a schematic sectional view of another embodiment of the resonance circuit tag of the present invention. 
Rg. 6 is a schematic sectional plane view showing still another embodiment of the resonance circuit tag of the 
20 present invention. 

Fig. 7 is a sectional view along the line B-B of the resonance circuit tag shown in Fig. 6. 
Rg. 8 is a sectional view along the line C-C of the resonance circuit tag shown in Rg. 6. 
Rg. 9 shows an equivalent circuit diagram of the resonance circuits shown in Figs. 6-8. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The resonance circuit tag of the present invention comprises a resonance circuit having at least a capacitor and an 
inductor formed on an insulating substrate. This structure is obtained by, for example, laminating a conductive layer, an 
insulating layer and a conductive layer in that order and etching the conductive layers of the resulting laminate to form 

30 circuits. Rg. 1 is a plan view showing one embodiment of such resonance circuit tag; Rg. 2 is a bottom view of the res- 
onance circuit tag shown in Rg. 1 ; and Rg. 3 is a sectional view at line A-A of the resonance circuit tag shown in Rg. 
1. A resonance circuit tag T shown in Figs. 1-3 comprises a resonance circuit composed of a capacitor 2 having elec- 
trodes 21 and 22 and an inductor 1 , which is formed on an insulating substrate 4. The circuits formed on the both sides 
of the above-mentioned insulating substrate 4 assume conductivity via a conducting path 23. In this embodiment the 

35 insulating substrate (insulating layer) 4 simultaneously acts as an insulator of the inductor 1 and a dielectric of the 
capacitor 2. The present invention is described in more detail by referring to the embodiment shown in Rg. 1 . 

In the present invention, the dielectric of the capacitor is prepared from a material meeting at least one requirement 
of (a) being fbamable by heating and (b) being capable of changing its thickness by not less than 10% by heating. In 
the embodiment of Fig? 1 , the insulating substrate 4 is composed of such a material. 

40 In a resonance circuit, the size and the number of turns of an inductor are predetermined to permit resonance with 
a wave having a particular wave frequency, and the capacitance is limited. With regard to the capacitance, the precision 
of the capacitor dielectric is considered to be particularly critical. When the permissible difference of the wave frequency 
is 3%, that of the dielectric thickness is 5% at maximum. In the case of a dielectric having a thickness of 25 Jim, for 
example, the permissible difference of the thickness thereof is 1 .25 jim at maximum A large-scale production of reso- 

45 nance circuit tag by, for example, conventional extrusion laminating at this level of precision requires considerably high 
technique. To put it reversely, a variation in the thickness of dielectric beyond the permissible difference leads to the cor- 
responding variation in capacitance to cause changes in resonance frequency beyond the permissible range, as a 
result of which the resonance circuit tag loses function with regard to the predetermined frequency. The present inven- 
tion utilizes this phenomenon to the self-breakdown function of the resonance circuit tag. To be specific, the present 

so invention has been accomplished by using, as a dielectric, a material satisfying at least one of the requirements of (a) 
being foamable by heating and (b) being capable of changing its thickness to the extent fully beyond the permissible 
range, and heating the dielectric to cause changes in the thickness, thereby to ensure easy termination of the function 
of the resonance circuit tag. 

The dielectric having the heat foamability as defined in (a) above is obtained by, for example, adding a foaming 
55 agent to the material constituting the insulating substrate (dielectric) 4. Upon heating, the insulating substrate 4 foams 
to easily change its thickness. 

The material constituting the above-mentioned insulating substrate may be any as long as it can change its thick- 
ness by the action of the foaming agent to be added, and includes, for example, polyolefin such as polyethylene and 
polypropylene, and various resins and rubbers such as polyvinyl chloride, polyester, polyamide, polyisobutylene, poly- 
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butene, butyl rubber and ethylene-propylene rubber. In the case of extrusion forming, polyolef in is appropriately used, 
since it allows easy forming. 

The foaming agent to be contained in the above-mentioned insulating substrate is subject to no particular limitation, 
and one or more known foaming agents can be used. 

5 Examples of preferable foaming agent include organic foaming agents such as diazo compounds and nitroso com- 
pounds. The diazo foaming agent is exemplified by azodicarbonamide and foaming agents containing same 
[CELLMIKE C (trade mark, manufactured by SANKVDU KASEI CO., LTD.) and VINYHOLE AC (trade mark, manufac- 
tured by EIWA KASEI CO., LTD.)] and nitroso foaming agent is exemplified by N.N'-dinitrosopentamethylenetetramine 
[CELLULAR D (trade mark, manufactured by EIWA KASEI CO., LTD.) and CELLMIKE A (trade mark, manufactured by 

10 SANKYOU KASEI CO., LTD.)). 

As the foaming agent, heat-expandable particles obtained by capsulating the gasified components of butane, pro- 
pane, pentane and the like may be also used, which are preferable in that mixing is easily done. Examples of the par- 
ticulate heat-expandabie foaming agent are MATSUMOTO MICROSPHERE (trade mark, manufactured by 
MATSUMOTO YUSHI-SEIYAKU CO., LTD.) obtained by microcapsulating butane gas using acrylonitrile-vinylidene 

15 chloride copolymer as capsules, and EXENPEARL (trade mark, manufactured by NIPPON FILUTE CO., LTD.). A co- 
foaming agent may be used as necessary. 

When the insulating substrate is prepared by extrusion forming, the above-mentioned foaming agent preferably has 
a decomposition temperature of not less than 80°C, preferably 120-200°C. When the decomposition temperature of the 
foaming agent is not less than 80°C, decomposition of the foaming agent due to the heat during preparation of the insu- 

20 lating substrate occurs less, which is desirable in terms of handling property. In addition, laminating speed is free of lim- 
itation, since it is not necessary to lower the forming temperature in accord with the decomposition temperature of the 
foaming agent. This is advantageous in that the production time will not be prolonged and an increase in production 
costs can be avoided. When the decomposition temperature of the foaming agent is not more than 200°C, the reso- 
nance circuit tag can cease functioning without being applied with excessive heat thus decreasing influence on articles. 

25 Such foaming agent is exemplified by the above-mentioned diazo foaming agents and nitroso foaming agents. In par- 
ticular, diazo foaming agent has a decomposition temperature of about 180-200°C. which is higher than the tempera- 
ture for forming an insulating substrate by extrusion (e.g., about 150°C in case of polyethylene) and is preferable in the 
present invention. 

The foaming agent is desirably contained in an amount of about 0.1-10 parts by weight, preferably 1-5 parts by 
30 weight relative to 1 00 parts by weight of the material constituting the insulating substrate, so that the extent of change 
in the thickness of the insulating substrate (dielectric) 4 may fall within the suitable range to be mentioned later. 

In the present invention, the thickness of the dielectric desirably changes by not less than 10%, preferably about 
10-200%, and more preferably about 50-100%, as defined in (b) above. 

For example, when the resonance circuit is as shown in Fig. 4, the resonance condition of this circuit is expressed 
35 by the formula: 

f=1/2n(LC) 1/2 (1) 

wherein f is resonance frequency, L is inductance of inductor and C is capacitance. The capacitance C is expressed by 
40 the formula: 

C= e • S/d (2) 

wherein e is dielectric constant, S is electrode area and d is thickness of dielectric. The inductance L of the inductor is 
45 in proportion to the outer diameter R2 and the square of the number N of turns of the inductor, and expressed by the 
formula: 

L=10' 7 • a • R2 • N 2 (3) 

so wherein a is a function of the ratio (R1/R2) of the inner diameter R1 to the outer diameter R2 of the inductor [see Denki 
Kogaku Handbook, Denki Gakkai ed., pp 110-111 (1988)]. From the above formulas (1) and (2), the following is 
obtained: 

f 2 =1/4* 2 LC=d/(e • S4n 2 L) 

55 

Accordingly, the formula: 

d=e«S4n 2 U 2 (4) 
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is obtained. Supposing d1 is initial thickness of the dielectric before change, d2 is thickness of the dielectric after 
change, f 1 is resonance frequency before thickness change and f2 is resonance frequency after thickness change, the 
following formula is obtained from the above formula (4): 

d2/d1=(f2/M) 2 



10 



Accordingly, the formula: 

f2=(d2/d1) 1/2 • f1 (5) 
Supposing the variation in dielectric thickness to be +10%, the following is obtained: 

d2=1.1xd1 



is From the above formula (5), 

f2=(1.1) 1/2 • f1=1.049f1 

and the resonance frequency change is 4.9%. 

20 As mentioned earlier, the variation of 4.9% in the resonance frequency when the permissible difference of wave fre- 
quency is about 3% makes resonance of the circuit difficult with respect to the frequency f 1 . Consequently, a change in 
thickness of the dielectric of not less than 1 0% brings sufficient variation in resonance frequency to cause sufficient self- 
breakdown of the resonance circuit tag T. 

The thickness variation of the dielectric of not less than 200% requires addition of a large amount of a foaming 

25 agent which tends to cause great influence on the dielectric constant 

The material constituting the resonance circuit having the above-mentioned inductor 1 and the capacitor 2 is not 
particularly limited as long as it possesses conductivity. For example, various metals such as aluminum, copper, nickel 
and tin, and various alloys containing these as main components can be used. In consideration of conductivity, cost and 
processability, aluminum is preferably used. 

30 The thickness of the conductor of the inductor 1 and the thickness of the conductor of the electrodes 21 and 22 of 
the capacitor 2 is suitably about 9-50 Jim in consideration of resistance, processability and cost, though somewhat dif- 
ferent depending on the kind of material to be used. 

Note that at least one of the above-mentioned electrodes 21 and 22 can be formed brittle to allow the insulating 
substrate (dielectric) 4 to break the electrodes when it changes its thickness by heating. In this way, self-breakdown of 

35 the resonance circuit can be ensured. Such brittle electrode can be prepared by, for example, forming the electrode thin 
(e.g., about 5-12 jim). 

The size of inductor 1 and the electrode area of the capacitor 2 are determined according to the resonance fre- 
quency. The planar shape of the above-mentioned inductor 1 and the electrode area of the capacitor 2 is optional and 
may be circular, square or elliptical, besides the polygon shown in Fig. 1. 

40 The above-mentioned inductor 1 is suitably a planar eddy coil as shown in Figs. 1 -3, since the resonance circuit tag 
is generally formed into a sheet. 

The number of turns of the inductor 1 is generally 5-10, preferably 7-9, though somewhat different depending on 
the size of the inductor. When the number is not less than 5, the sensitivity of the resonance circuit becomes superior 
and when it is not more than 10, the inductor 1 does not become excessively elaborate and can be formed easily. 

45 The resonance circuit tag T as shown in Fig. 1 can be obtained by. for example, laminating a conductive layer, an 
insulating layer and a conductive layer in that order and etching the conductive layers of the resulting laminate to form 
circuits, as mentioned earlier. 

The laminate of the aforementioned insulating layer and the conductive layers can be prepared, for example, by 
forming a mixture of an insulating material such as polyethylene and a diazo foaming agent into a sheet by extrusion 

so and laminating a metallic foil such as aluminum foil on the both faces thereof, or by a method comprising adding a foam- 
ing agent to a dispersion obtained by heat-melting the above-mentioned insulating material in a solvent such as toluene 
and heptane, applying this dispersion to a metallic foil, drying and evaporating the solvent. When an insulating material 
is prepared into a solution as in the latter method, polyisobutylene, polybutene, butyl rubber and ethylene-propylene 
rubber can be also used as the insulating material, since they can dissolve in a solvent such as toluene and heptane. 

55 The conductive layer can be prepared by evaporating a metallic material, besides using a metallic foil. For example, 
such layer can be formed by evaporation of various metallic materials such as aluminum, copper, nickel and tin on an 
insulating sheet by sputtering or vacuum evaporation. This method enables decreasing the thickness of the resonance 
circuit tag T and permits easy processing, which in turn leads to the reduction of the production cost of the resonance 
circuit tag T. It should be noted, however, that the conductive layer obtained by evaporation has greater electric resist- 
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ance, and the evaporation is preferably applied when forming a secondary circuit having a second capacitor electrode 
22, rather than a primary circuit having inductor 1 and a first capacitor electrode 21 . 

Alternatively, an adhesive layer is formed on at least one surface of the insulating sheet. When the adhesive layer 
is formed on one surface alone, a foaming agent is contained therein. When the adhesive layer is formed on both sur- 

5 faces, a foaming agent is contained in at least one of the layers. Then, the conductive layers are formed on the both 
surfaces of the insulating sheet. Fig. 5 6hows a schematic section of one embodiment of a resonance circuit tag pre- 
pared using such a laminate. In the resonance circuit tag T shown in Fig. 5, adhesive layers 421 and 422 are formed 
on the both surfaces of an insulating sheet 41 and both the adhesive layers 421 and 422 contain a foaming agent. In 
this case, the insulating sheet 41 is preferably composed of a resin having superior resistance to heat during etching a 

w metallic foil. Examples of such resin include polyester such as polyethylene terephthalate, and polypropylene. Exam- 
ples of the adhesive layers 421 and 422 include hot melt adhesives such as polyethylene, SBS (styrene-butadiene-sty- 
rene block copolymer), SIS (styrene-isoplene-styrene block copolymer) and modified polymers thereof, pressure 
sensitive adhesives and adhesives made from natural rubber or synthetic rubber, acrylic adhesives, urethane adhe- 
sives and epoxy adhesives, all of which are capable of adhering at normal temperature or upon heating. 

is When a foaming agent is contained in the above-mentioned insulating material solution or adhesive layer, an insu- 
lating substrate can be prepared without exposing the foaming agent to a high temperature. Hence, a foaming agent 
having lower decomposition temperature than do diazo and nitroso foaming agents, such as those having a decompo- 
sition temperature of about 60-150°C, preferably about 80-120°C, can be also used. This offers advantages in that the 
function of the resonance circuit tag can be terminated by the application of relatively weak heat and the influence on 

20 articles caused by heating can be lessened. Examples of such foaming agent having lower decomposition temperature 
include the aforementioned heat-expandable particles such as MICROSPHERE. 

The method of etching the conductive layer is known perse such as a method comprising printing a circuit pattern 
on the conductive layer by silk screen printing, forming a layer for protecting from etching, applying etching using an 
etching solution and removing the etching protection layer by a solvent 

25 While the resonance circuit consists of one inductor and one capacitor in the embodiment of Fig. 1 , preferred is the 
use of a capacitor divided into an even number of parts thereof. 

Fig. 6 shows a schematic vertical cross section of one embodiment of a resonance circuit tag having such a reso- 
nance circuit. Rg. 7 is a cross section along the line B-B of the resonance circuit tag of Fig. 6. Fig. 8 is a cross section 
along the line C-CB-B of the resonance circuit tag of Fig. 6. Note that Rg. 7 and Rg. 8 show the resonance circuit tag 

30 of Rg. 6 when it is not split vertically. In this embodiment of Fig. 6, the resonance circuit consists of one inductor 1 and 
two capacitors 2a and 2b. In Rg. 6, 6 is a support to hold the circuit of Rg. 7, 5 is an adhesive layer to adhere the circuit 
to the support 6, 7 is an adhesive layer to adhere the resonance circuit tag 7 to an article, 8 is a releasing layer to protect 
the adhesive layer 7 and 9 is a cover permitting printing of bar codes and trade marks. Fig. 9 shows an equivalent circuit 
diagram of the resonance circuit tag T shown in Figs. 6-8. 

35 In general, an odd number of capacitors used for creating a resonance circuit require conducting each circuit 
formed on the both surfaces of the insulating substrate by ultrasonic welding and the like. When a resonance circuit is 
formed using an even number of capacitors, the circuit stands without conducting the circuits on the both surfaces of 
the insulating substrate. In the embodiment shown in Rgs. 6-8, a capacitor 2a consisting of electrodes 21a and 22a 
respectively formed on the upper surface and lower surface of an insulating substrate 4, is formed on the inner portion 

40 of the inductor 1; a capacitor 2b consisting of electrodes 21b and 22b respectively formed on the upper surface and 
lower surface of the insulating substrate 4, is formed on the outer portion of the inductor 1 ; and the electrodes 21a and 
21b are connected at the joint 3, whereby the resonance circuit having the circuit diagram of Rg. 9 is created without 
conducting the circuits on the upper surface and the lower surface of the insulating substrate 4. This construction obvi- 
ates conducting of the circuits and facilitates production of the resonance circuit tag, which in turn reduces production 

45 cost, conduction failure and malfunction. 

When an even number of capacitors are used as mentioned above, the number is preferably as small as possible 
to stabilize the resonance characteristic of the circuit and simplify the structure for easy manufacture of the circuit. For 
example, two capacitors are preferably used as shown in Rgs. 6-8. 

The resonance circuit tag of the present invention can be also created by laminating either a primary circuit having 

so an inductor and a first capacitor electrode or a secondary circuit having a second capacitor electrode on an insulating 
substrate and laminating the remaining circuit on the resulting laminate via an adhesive layer. 

To be more specific, when a resonance circuit tag having a structure similar to that shown in Figs. 6-8 is to be man- 
ufactured, a primary circuit (inductor 1 and first capacitor electrode 22) is laminated on a support 6 and a secondary 
circuit (second capacitor electrode 21) having an adhesive layer 4 is adhered to said primary circuit. 

55 When an insulating support 6 for holding the circuit is formed separately from the insulating substrate 4 as a die- 
lectric layer to have circuits formed on both surfaces thereof, the insulating substrate can be prepared from an adhesive 
alone. Examples of such adhesive include the adhesive used for adhesive layer 421 or 422 shown in Rg. 5, which con- 
tains a foaming agent. 
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According to the production method as described above, for example, an adhesive layer is formed on one of the 
primary and the secondary circuits to give a tape circuit which is adhered to the mating circuit formed on the support to 
give a resonance circuit tag. This method obviates etching of the conductive layers on the both surfaces of a substrate, 
thereby facilitating the production of a resonance circuit tag. 

5 The above-mentioned method provides the following resonance circuit tag. 

That is, a resonance circuit tag wherein a primary circuit having an inductor and a first capacitor electrode and a 
secondary circuit having a second capacitor electrode are laminated via a dielectric layer (adhesive layer), wherein one 
of the primary circuit and the secondary circuit is laminated on an insulating support and the remaining circuit is lami- 
nated on the resulting laminate via an adhesive layer. 

10 Such resonance circuit tag desirably has a construction wherein a primary circuit (inductor 1 and first capacitor 
electrode 22) is laminated on a support 6 and a secondary circuit (second capacitor electrode 21) is laminated on said 
primary circuit via an adhesive layer 4, as shown in Figs. 6-8. This adhesive layer also acts as a dielectric of the capac- 
itor consisting of the first capacitor electrode 22 and the second capacitor electrode 21 . 

Examples of such adhesive include the adhesive used for adhesive layer 421 or 422 shown in Fig. 5, which con- 

is tains a foaming agent. 

This construction obviates etching of the conductive layers on the both surfaces of the substrate, so that the pro- 
duction is facilitated and the production cost is reduced. 

It is desirable that at least one side of the resonance circuit tag thus obtained be colored or printed in black, white, 
etc., or adhered with paper having a bar code, a pattern mark of the store, an advertisement and the like, or a label 
20 made from plastic (e.g. , polyester, polypropylene and polyvinyl chloride) or synthetic paper, a the support or circuit face 
be directly colored or printed in black, white, etc., to conceal the circuit patterns, whereby to hide that the tag has a res- 
onance circuit, namely, the tag is attached for the prevention of shoplifting. Alternatively, an adhesive layer 7 of natural 
rubber, synthetic rubber, etc. known perse may be formed on one side of the resonance circuit tag, as shown in Fig. 6, 
so that the tag can be adhered to an article. 
25 The size of the resonance circuit tag is preferably as small as possible and the area thereof is desirably about 9-25 
cm 2 . Smaller resonance circuit tags can be attached to a large number of articles and can reduce production cost, since 
the material cost becomes less. 

To decrease the size of the resonance circuit tag, the inductor may be made smaller. In this case, the value R2 in 
the above-mentioned formula (3) becomes smaller, and the inductance L of the inductor also becomes smaller. Then, 
30 the number N of turns of the inductor is increased to not reduce L even when R2 decreases. However, smaller outer 
diameter of an inductor and more number of turns necessitate elaborate etching and punching, making the circuit diffi- 
cult to form. When the capacitance C in the formula (1) is increased, the resonance frequency f can be made constant 
even if L is made smaller. C can be increased by either enlarging the electrode area S of the capacitor or reducing the 
thickness d of the dielectric or increasing the dielectric constant e . In view of the limitation imposed on the electrode 
35 area S and the thickness & it is preferable that the dielectric constant e be increased. Moreover, a dielectric constant e 
increased to a certain extent enables decreasing the electrode area S. In this case, when the inductor has a certain size 
the electrode area S of the capacitor can be reduced and the thickness d of the dielectric can be increased. 

The dielectric constant e of the dielectric is preferably increased by. for example, forming the insulating substrate 4 
from an acrylic adhesive. The acrylic adhesives have high polarity and higher dielectric constant. 
40 It is desirable to add a titanium compound to the dielectric in the present invention, whereby to increase the dielec- 
tric constant of the dielectric. Examples of the titanium compound include titanium oxide, barium titanate and strontium 
titanate, with preference given to titanium oxide and barium titanate. The titanium compound is preferably added to the 
dielectric in a proportion of about 10-50% by weight. 

According to the present invention, the dielectric (insulating substrate) of the capacitor of the resonance circuit tag 
45 is heated to change the thickness of the dielectric while the price of an article is being paid at a check-out counter, so 
that the resonance characteristic of the resonance circuit tag is changed. 

The heating temperature can be such as to change the thickness of the dielectric of the capacitor to a desired 
extent. When a dielectric containing a foaming agent is used, the temperature is not less than the decomposition tem- 
perature of the foaming agent, provided that the temperature is high enough to sufficiently foam the foaming agent and 
so minimize the influence on the article caused by the heat. 

The time necessary for heating the resonance circuit tag to the above-mentioned temperature is desirably within 1 
second, more preferably within about 0.2 second, in view of the desired speedy operation at the cash register, though 
somewhat different depending on the heating means and the structure of the resonance circuit tag. 

The method of heating is not particularly limited, and, for example, the electrode of the capacitor of the resonance 
55 circuit tag may be brought into contact with a heating plate to transmit the heat. For example, when the electrode is com- 
posed of aluminum, induction heating is preferable and when the electrode is composed of iron, eddy current heating 
is preferable. By these heating methods, the resonance circuit tag can be heated without coming into contact with the 
heating means and the heating temperature and heating time can be easily determined. 
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When the induction heating is employed, a heating means such as oscillator is incorporated into a bar code reading 
machine or installed alongside therewith. In this way, heating of the resonance circuit tag can be done together with the 
usual cash register operation and the function of the resonance circuit tag can be ceased without inhibiting labor-sav- 
ing, speedy operation at the check-out counter. 
s The present invention is described in more detail by referring to examples, to which the invention is not limited. 

Preparqtipn pf resonance circuit tag 

Example 1 

w 

A mixture of polyethylene (trade mark: YUKARON LM-30, manufactured by Mitsubishi Petrochemical Company, 
Ud.) and 1% by weight of azodicarbonamide (trade mark: VINYHOLE AC#3, manufactured by EIWA KASEI CO., LTD.) 
was extruded through a test T-die extruder, and a 50 fim thick aluminum foil and a 9 |xm thick aluminum foil were lami- 
nated on the both surfaces of the sheet extruded out from the die. The thickness of the polyethylene layer in the lami- 

15 nate was 25 jwn. Circuit patterns were printed on the both surfaces of the laminate by silk screen printing, on which an 
etching protection layer was provided. After etching using a solution of ferric chloride as an etching liquid, the protection 
layer was dissolved and removed with toluene to give circuits. The circuits on the both surfaces of the laminate were 
compressed and conducted by ultrasonic welding (a method described in US Patent No. 3,913,219) to give the reso- 
nance circuit tag as shown in Figs. 1 -3. A copy paper was adhered to one surface of the tag via a rubber adhesive and 

20 a releasing paper for protection was adhered to the other surface via a rubber adhesive layer. 

Example 3 

In the same manner as in Example 1 except that 5% by weight of a masterbatch compound of low density polyeth- 
25 ylene and N.N'-dinitrosopentamethylenetetramine (trade mark: POLYSLEN EE-206, manufactured by EIWA KASEI 
CO., LTD.) was used instead of azodicarbonamide, a resonance circuit tag was prepared. 

Example 3 

30 A mixture of polyisobutylene (trade mark Vistanex MML-100L, manufactured by Exon Chemical Corp.) and 0.1% 
by weight of a particulate heat-expandable foaming agent was dissolved in toluene to give a 10% solution. The solution 
was coated on a 50 fim thick aluminum foil and dried, so that the thickness after drying became 25 jim, on which a 9 
\im thick aluminum foil was laminated. Using the laminate obtained, a resonance circuit tag was prepared in the same 
manner as in Example 1. 

35 

Example 4 

An urethane adhesive was applied to a 25 urn thick polyester film in a thickness of about 5 pm, and a 30 urn thick 
aluminum foil was laminated thereon. A circuit pattern was printed on the aluminum foil by silk screen printing and an 

40 etching protection layer was formed on this printing. Using a ferric chloride solution as an etching liquid, the foil was 
etched. The etching protection layer was dissolved and removed with toluene to give a circuit having an inductor and 
one electrode of the capacitor (the film with this circuit is referred to as pattern A). On the other hand, a styrene-iso- 
plene-styrene block copolymer (100 parts by weight, trade mark CARIFLEX TR-1 107, manufactured by SHELL CHEM- 
ICAL CO., LTD.) and petroleum resin (80 parts by weight, trade mark ARKON M-100, manufactured by ARAKAWA 

45 CHEMICAL CO., LTD.) were dissolved in toluene, and azodicarbonamide (trade mark VINYHOLE SE#30, manufac- 
tured by EIWA KASEI CO., LTD.) was added in a proportion of 1% by weight. The mixture was applied to a 9 urn thick 
aluminum foil so that the thickness after drying became 30 jim and dried at 100°C for 5 minutes. Then, the adhesive 
side was covered with a silicone-treated releasing paper and this laminate was punched into the shape of the other 
electrode of the capacitor (this is referred to as pattern B). 

so The pattern B was laminated with the electrode portion of the pattern A to give a resonance circuit having two 

capacitors which was the same as the circuit shown in Figs. 7 and 8. A 20 \im thick natural rubber adhesive layer was 
formed on the polyester film side and was covered with a releasing paper for protection. An adhesive paper label was 
adhered to the 9 Jim thick aluminum foil on the electrode side to make same printable, whereby a resonance circuit tag 
which was the same as the tag shown in Fig. 6 was prepared. 

55 

Example 5 

A hot melt adhesive of a styrene-isoplene block polymer was dissolved in toluene and N.N'-dinitrosopentamethyl- 
enetetramine (trade mark CELLULAR QX, manufactured by EIWA KASEI CO., LTD.) was added in a proportion of 1% 
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by weight. In the same manner as in Example 4 except that pattern B was prepared using this adhesive solution, a res- 
onance circuit tag was created. 

Example 6 

5 

In the same manner as in Example 4 except that a particulate heat-expandable foaming agent (trade mark MAT- 
SUMOTO MICROSPHERE, manufactured by MATSUMOTO YUSHI-SEIYAKU CO., LTD.) was used instead of azodi- 
carbonamide, a resonance circuit tag was created. 

10 Example 7 

In the same manner as in Example 6 except that titanium oxide (10% by weight) was further added to the adhesive 
solution for pattern B and the thickness of the adhesive layer was set to 25 jim, a resonance circuit tag was created. 

is Example 9 

In the same manner as in Example 4 except that a 38 jun thick polyester film colored in black was used instead of 
the 25 fim thick polyester film, a resonance circuit tag was created. 

20 Exgmpte 2 

In the same manner as in Example 6 except that a 25 nm thick polyester film having aluminum evaporated thereon 
in 2 jim thickness was used instead of the 9 thick aluminum foil having pattern B. a resonance circuit tag was cre- 
ated. 

25 

Comparative Example 1 

In the same manner as in Example 1 except that a foaming agent was not added to polyethylene, a resonance cir- 
cuit tag was created. 

30 

Comparative Example 2 

In the same manner as in Example 3 except that a foaming agent was not added to poiyisobutylene, a resonance 
circuit tag was created. 

35 

Comparative Example 3 

In the same manner as in Example 4 except that a foaming agent was not added to the adhesive solution, a reso- 
nance circuit tag was created. 

40 

Comparative Example 4 

In the same manner as in Example 5 except that a foaming agent was not added to the adhesive solution, a reso- 
nance circuit tag was created. 

45 

Heating of resonance circuit tag 

The resonance circuit tags obtained in Examples and Comparative Examples were heated according to the method 
and the conditions shown in Table 1 . As the induction heater, used was Carpet Jointer T-500 (trade mark, manufactured 
so by SINANO ELECTRIC CO., LTD.). In the Table, DPT means N.N'-dinitrosopentamethylenetetramine and SIS means 
styrene-isoplene-styrene block copolymer. 

Evaluation of resonance circuit tag 

55 The thickness of the insulating substrate of the resonance circuit tags obtained in Examples and Comparative 
Examples was measured after heating. The resonance frequency before and after the heating was measured using a 
dip meter. The results are shown in Table 1 . 
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The circuit is free of the need to partly form same narrower, which in turn facilitates production of the resonance 
circuit tag and enables large-scale production thereof. 

The function of the resonance circuit can be terminated without applying strong high frequency waves having a res- 
onance frequency to the resonance circuit tag, thus eliminating degradation of the function of the article to which the 
tag has been attached. Moreover, the dielectric can easily change its thickness to a desired extent by the application of 
the heat, so that the self-breakdown performance is sufficient and reliable. 

The method of producing the resonance circuit tag of the present invention, which comprises laminating either a 
primary circuit or a secondary circuit on an insulating support and laminating the remaining circuit on the obtained lam- 
inate via an adhesive layer enables easy production of the resonance circuit tag and reduces production costs. 

Claims 

1 . A resonance circuit tag comprising an insulating substrate and a resonance circuit formed on the substrate, which 
circuit having at least a capacitor and an inductor, wherein a dielectric of the capacitor satisfies at least one of the 
following requirements: 

(a) being foamable by heating and 

(b) being capable of changing its thickness by not less than 10% by heating. 

2. The resonance circuit tag of Claim 1 , wherein the dielectric of the capacitor contains a foaming agent. 

3. The resonance circuit tag of Claim 2, wherein the foaming agent has a decomposition temperature of not less than 
80°C. 

4. The resonance circuit tag of Claim 2, wherein the foaming agent is a diazo foaming agent or a nitroso foaming 
agent. 

5. The resonance circuit tag of Claim 2, wherein the foaming agent is a particulate heat-expandable foaming agent 
obtained by capsulating a gasified component. 

6. A method of producing a resonance circuit tag. which comprises laminating either a primary circuit having at least 
an inductor and a first capacitor electrode, or a secondary circuit having at least a second capacitor electrode, on 
an insulating support and laminating the remaining circuit on the obtained laminate via an adhesive layer. 

7. The method of Claim 6, wherein a primary circuit is laminated on a support, and a secondary circuit having an 
adhesive layer is adhered to said primary circuit. 

8. The method of Claim 6, wherein a material used for the adhesive layer satisfies at least one of the following require- 
ments: 

(a) being foamable by heating and 

(b) being capable of changing its thickness by not less than 10% by heating. 

9. A resonance circuit tag comprising a primary circuit having at least an inductor and a first capacitor electrode, and 
a secondary circuit having at least a second capacitor electrode, laminated via a dielectric layer, wherein either the 
primary circuit or the secondary circuit is laminated on an insulating support and the remaining circuit is laminated 
on the obtained laminate via an adhesive layer. 

10. The resonance circuit tag of Claim 9, wherein the primary circuit is laminated on the support, and the secondary 
circuit is laminated on the primary circuit via an adhesive layer. 

11. The resonance circuit tag of Claim 9, wherein the support is colored or printed in a certain color. 

12. The resonance circuit tag of Claim 9, wherein the secondary circuit is composed of a layer obtained by evaporation 
of a metallic material. 

1 3. The resonance circuit tag of Claim 9, wherein the dielectric of the capacitor comprises a titanium compound. 

14. The resonance circuit tag of Claim 9, wherein the inductor is a planar eddy coil having a number of turns of 5-10. 
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1 5. The resonance circuit tag of Claim 9, wherein the resonance circuit has a capacitor divided into an even number of 
parts thereof. 

16. The resonance circuit tag of Claim 9. wherein a material used for the adhesive layer satisfies at least one of the 
5 following requirements: 

(a) being foamable by healing and 

(b) being capable of changing its thickness by not less than 10% by heating. 

10 17. A method for changing the resonance characteristic of a resonance circuit tag, comprising heating the resonance 
circuit tag of Claim 1. 

18. A method for changing the resonance characteristic of a resonance circuit tag, comprising heating the resonance 
circuit tag of Claim 16. 

15 

19. The method of Claim 17, wherein the heating is induction heating. 

20. The method of Claim 18, wherein the heating is induction heating. 
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